Introduction
In the past methods for the extraction of chlorophylls used a variety of water-miscible solvents suchas methanol, ethanol, acetone, pyridine, and acetone plus ethyl acetate (1). Ninety-percent acetone has been widely used for the extraction of chlorophylls from algae, gymnosperms, and angiosperms (2, 3, 4 ). Arnon's (3) chlorophyllextraction method involves grinding the plant tissue in 90% acetone with subsequent centrifugation to remove solid plant material. These two steps became noticeably time consuming when sample numbers are large. Furthermore, the apparent presence of degradation products renders the chlorophyll extracts unstable and demands that spectl-oscopic analysis be carried out immediately after extraction.
Shoaf and Lium (5) have shown recently that dimethyl sulphoxide (DMSO) is superior to acetone in the extraction of chlorophylls from a wide range of algal species. It was our decision to use DMSO for chlorophyll extraction of angiosperm and gymnosperm material without grinding or centrifugation. We also intended to demonstrate that chlorophyll which has been extracted by DMSO is stable over a number of days and therefore spectroscopic analysis need not be carried out immediately. For the purpose of comparison, chlorophyll extracts were also prepared using Arnon's acetone-extraction method (3).
Materials and Methods
Mature white pine (Pitlrrs sylce.srris) needles were obtained from trees growing in the college grounds. Leaves from mature geranium (Pelcrrgotrirr~,~ hortorlrt,~), lemon (Cirrrrs letrrotlii L.), and 3-week-old dwarf pea (Pisrrt,~ .scrtiorrt,~ L.) were obtained from greenhouse-grown plants.
Ci~lorophyll E.rtrnctioti U.sitrg DMSO One hundred milligrams of leaf tissue in fractions was placed in a vial containing 7 mL DMSO (B.D.H. Chemicals Ltd., Toronto) and chlorophyll was extracted into the fluid without grinding at 65°C by incubating for various times, depending on the degree of cutinization and thickness of the leaf. The extract liquid was transferred to agladuated tube and made up to a total volume of 10 mL with DMSO, assayed immediately or transferred to vials and stored between 0-4°C until required for analysis.
Cl~loroph\~ll Estrcrctiotr Usitlg A cetotre For the purpose of comparison chlorophyll extracts were prepared following Arnon's method (3).
Dcterr~~itlcrtiorl of Cl~lorophyll Cotltetlt
A 3.0 mL sample of chlorophyll extract was transferred to a cuvette, and the OD values at 645 and 663 nm were read in a Beckman DBG spectrophotometer against an acetone or a DMSO blank. Chlorophyll content was calculated following the equation used by Arnon (3) . If OD values proved to be greater than 0.7, the extract was diluted to 50% with 9% acetone or DMSO and the equation adjusted accordingly. 
Stability oJ'E,t-tt~~cts
Pea leaflets were chosen to test for stability of chlorophyll in the extracts. To this end, samples of the extracts were assayed daily for 5 days. Lemon and geranium leaves and pine needles were assayed within 24 h after extraction. Table 1 Table 2 provides mean values for chlorophyll content in milligrams per gram fresh weight of pea leaf tissue as determined every 24 h over a 5-day period. There was no change in levels of chlorophyll content over this period; values are generally as high on the 5th day as immediately after extraction.
Results
A comparison was made using spectrophotometry between the absorption spectra for chlorophyll extracts prepared with either DMSO or acetone. Figure 1 indicates that the absorption peaks occur at the same wavelengths for both types of chlorophyll extracts. There were, however, slightly greater OD values for the DMSO extract between 655 and 665 nm. Otherwise the patterns of absorption were identical.
Discussion
The DMSO chlorophyll extraction method which eliminates both grinding and centrifugation was as sensitive as the acetone method developed by Arnon (3) and was applicable to a range of plant types whose leaf tissues were quite different. The DMSO chlorophyll extracts appeared to be stable for several days when stored under refrigeration, unlike extracts prepared by other methods (2, 3, 4) which suffered owing to the accumulation of degradation products. The DMSO chlorophyll extl-action method also had a distinct advantage over the acetone method in that spectroscopic analysis did not have to be performed immediately after extraction.
The DMSO method is simple to employ and several replicates may be prepared rapidly for incubation. The time period of incubation at 65°C would vary with different leaf types and was determined by noting visually when the leaf-tissue fragments appeared clear. For relatively thin leaf tissue such as pea, we found 15min was sufficient whereas with lemon leaves or pine needles which are thick and heavily cutinized longer periods of incubation (4-6 h) were required. With mature pine needles it was very difficult to grind the tissue and subsequent chlorophyll extraction with acetone was not complete. It was found that cutting pine needles into strips and then extracting the chlorophyll with DMSO was more efficient and resulted in complete chlorophyll extraction. Chlorophyll extraction of immature pine needles can be carried out successfully by either method.
Absorption patterns for DMSO and acetone chlorophyll extracts were virtually the same. This indicated that the equation recommended by Arnon (3) for the estimation of chlorophylls in 90% acetone was also acceptable for DMSO. This, together with the observation that OD values of the DMSO extracts prepared at 65"C, compared favourably with the OD values of chlorophyll extracts prepared in acetone indicated that no degradation had occurred at that temperature.
The DMSO method for the purpose of chlorophyll extraction is simple, rapid, requires few manipulations, and produces stable chlorophyll extracts from a variety of leaf types.
